Bioenergetic studies of mitochondrial oxidative phosphorylation using 31phosphorus NMR.
The relationship between phosphorylation ratio [( ATP])/[ADP][Pi], phosphocreatine (PCr)/Pi, and ATPase activity was determined for isolated rat heart mitochondria, and the use of phosphorylation ratio and/or PCr/Pi as bioenergetic indices (Chance, B., Eleff, S., Leigh, J. S., Sokolow, D., and Sapega, A. (1981) Proc. Natl. Acad. Sci. U.S.A. 78, 6714-6718) was evaluated. Isolated rat heart mitochondria were suspended at low concentration (0.5-2.0 mg of protein/ ml) in oxygenated KCl/sucrose/4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid medium at 25 degrees C and pyruvate, malate, PCr, ATP, Pi, and Mg2+ were added. Changes in extramitochondrial phosphorus compounds were followed by 31P NMR. The ATPase activity was varied by the addition of potato apyrase. It was found that the logarithm of steady state PCr/Pi decreased linearly with increasing ATPase rate with a PCr/Pi intercept of 32.8 at 0 ATPase rate. The log phosphorylation ratio was also linearly related to the ATPase rate with an extrapolated maximum value of 6.87 at 0 ATPase rate, corresponding to a phosphorylation ratio of 7.41 X 10(6) M(-1) and a delta GATP of -16.3 kcal. The phosphorylation ratio in these experiments (for state 4 respiration) was greater by 1 or 2 orders of magnitude than previously reported for either isolated mitochondria or for whole tissue.